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COMPOSITIONS AND METHODS OF USING LAMELLAR BODIES FOR 

THERAPEUTIC PURPOSES 

CgOgs^ffiBENCJJOREI IVTE " APP " rAT1 ° NS 
[0001] The present application is a Continuation-in-Part application claiming the priority 
of copending PCT/GB03/001451, Med on Apnl 2, 20O3 which claims prionty to UK 
application No. GB0207653.7, Bled on April 3, 2002, the disclosures of whtch are 
incorporated by referenee herein in their enureties. Applicants claim the benefit of thts 
application under 35 U.S.C. §119 (a-d). 

T=TFT n OF THE I NVENTION 
[0002] This invention relates to phospholipid construes which ae, as surrogate lamellar 
bodies in body eavities, blood vessels, ducts and tissues to modify the depositton and 
rc mova> of extm and intra-vascular fibrin for therapeuttc purposes. Thetnvention further 
rela ,es to compositions and methods of treatment using these constructs. In addilton, the 
invention relates to compositions and methods for preventing post-operative adhes.ons by 
administration of synthetic or naturally occurnng lamellar bodies, or treating patten* 
having adhesions resulting from a surgical procedure. 

P a rvount INT) OF THF INVENTION 
[0003] Many animals possess a coelomic cavity whtch separates the gut from other 
sutures. Pcntoneum, like pleura and pericardium, is a derivative of the coelomtc 
cavity In the most primitive of animals, consisting only of a cylindrical body wall 
containing a tubular gut, separation of the two parts by a non-stick derivative of the 
coelomtc cavity is essenttal if peristal is to maintain a flow of nutrition from one end of 
me gut to the other. Abolition of peristalsis through adhesion of gut to body wall ts 
incompatible with life, thus from the earliest of evolutionary time, provision of a non- 
stick surface between these vital structures has been imperative. In man, pen.oneal 
adhestons resulting from any cause, whether due to surgery, chronic orgamsmal 
inflammation or endometriosis, expose the individual to dire consequences. 



1 



u lf W cavity is under constant and serious threat from 
W— — "Till Il-^aunv— .eUH,.^ 
ingreS s of organisms or no,ous f ^ rf „ 

the gut or body wa„ The danger «, 1*. ^ ^ 

whereby .he cavuy flu.d ft*™ » P r , Wnoge „) into a 
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perceive rha, .his system of elo.nng evo ^ 
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the entire body. 



m^M^^ surgical community that peritonea! adhesions are an 
[0 005] It is widely recognized in the surg ^ 

„™liration of abdominal and pelvic surgery, g & 
extremely common complication e tQ 

rr^rriec^e—g— yof^surgeryin. 



miK d A* adhesions are responsible for a sigmfican, 
poputation a. large. It is now recogmae that ^ ^ ^ 

aeveiopmenr of min,ma«yinvasive surge y.uwashp 
of fc e pas,. H0.ever_.nis has norbeenme ease. 

ided aeeurate and detailed statisties on the 

[0007l A recen. epidemical s«.dy has ^ ^ ^ ^ ^ was 

tociden^ of adhesions, giv.ngevrden ^ ^ 
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■n, r RQie rfKbrin in the Acute Infl ammatory Respon se 

S^--^^^ tncreases tn the biood nd 

coaguian. factors causes poiymertzation of fibrinogen .0 form a fibnnous ge.. 

[00,4] At .he beginning of the 20« Century, pathologtsts descnbed and defined the 
iwwjftiui s e The reactive changes involved 

sequence of events in the acute inflammatory response. The reactive g 

three sequential processes: 

1 changes in vascular caliber and blood flow 

2. increased vascular permeability and the formation of protein rich inflammatory 
exudate 

3. escape of ieucocy.es tarn vesse.s into ex<ravascuiar .issue spaces 

r„0 151 An tniba! event in .he tissue spaces is the appearance of fibrtn identified^ 
Lie,, of histochetnica. techniques. Eariy htstoiogica. studtes recogntzed that fibnn 
Zltedanattemp.to.aU-off.heinfectedordamageda.a.asweiiasprovtdrnga 

iaUng ieucocy.es. When ,oo W ng a. acute inflanrtnatoty response, ao eariy 

■espouse, as the excess tissue fluid dr.rted away into the .ymphatrcs and the fibnn 
scaffolding was dismantled. 

of , h e nomta, suture and function of the affected tissue. This process ,s .fer^d .O S 
JL no.he.ingbyfi,.— . ..hep^sof— 
te remova, of co.lu.ar debris and fibrin. If, bowever, heavy depostts of ftbrtn „ onrted 
Lgtheeariystagesof acute— ion, they may o„. be removeri — , 
within a few days b, the fibrinolytic enzymes of the inflammatory exu d ie. 

undergoes a process caiied organization. Macrophages mtgrate to.o the fibnn, close.. 



roc ess is also ..own as hea,ing by second in.en.ion and .He adhesions may se n »s,y 
Impose norma, funcfion a. .he sHe of .he orig,na, ac U .e inflammatory .espouse. 

[,0,7, in the pre-anfibiofic era, .he chn.ca, signs and symptoms of fibnnons exuda.es in 
f Lnn.hhea.on— — 

p„e„mococca, pneumonia. Pencardia, fncfion rubs we, afso — no „ 
Iponse «o dive.se mfections, but a,so in u^nia and rheumauc fever. W.th .he comple. 

ro ,e of fibnnons deposition in most diseased s,a.es was no. appree.a, d^ , d— , 
g e„era,,on of researchers. An excepuon .0 .his rule has been mo.ecnlar b,o,og,s* 

HI of ex.ravascuiarfibfindepos.rs.odensefibrons .issue remams a focus of 
ongoing research. 

,00181 A,so .his .ype of pos.-inflamma.ory adhesion can be seen in peri.oni.is 

.on,) CNS disease (including meninges), ear, nose and throat d,seases, gy 
disease (such a chlamydia which attract fibrin deposifion) and urology. 

m9] in .he las. two decades there has been consider* advances in .he molecular 

L Jy of meso.he,ium, ,.s .action to injury and inflammation and to reparr and 

C eration. A th.n mesothefia, mono.ayer resting on a basemen, membrane cove. 1 

I! aMom,nal organs (viaeeml, and the waU of the ahdomina, cavi.y (panetal). In an 

adul. „ surface measures up to 2m>. presen.ing a large area which ac, as a sem - 
^1 ablememhranefortheexchangeofwa.erandsmaUmoiecmarwe.gh.soiutes. The 



human peritoneal eavi.y exists in notmal life as a potential space with the oppos.ng 
surfaces being separated by only 5a. It therefore contains no more than 50ml of clear, 
sterile fluid with a low specific gravity and low protein content. Fibrinogen is no. present 
and therefore serous fluid will not clot. 

[0O20] The local inflammatory response of the pentoneum is similar ,0 other tissues, but 
,he peritonea, Hning is unique in that i, presents a large exudative and absorptive surface. 
The hning can separate to accommodare many liters of fluid. At sites of irritation there ,s 
an outpouring into the peritonea! cavity of fluid with a high protein content. This exudate 
contains fibrinogen which polymerizes to solid fibrtn on contact with local tissue factor 
released by mesothelium or leucocytes. Plaques of fibrinous exudate formmg on the 
inflamed surface glue adjacent bowel, mesentery and omentum to each other. The 
process of adhesion is greatly facilitated by the inhibttion of peristalsis which allows 
loops of bowe. and omentum to lie undisturbed while the highly adhesive ftbnn 
progressively walls-off the damaged area. Although this process has evolved ,0 locahze 
infection and halt its spread through the entire peritonea, cavity, the same response 
inevitably occurs when the peritoneum is surgically opened under sterile condmons. 

,0021] Thus, as par, of the inflammatory response, the mesothelium has a powerful pro- 
coagulan, ability through its .oca, production of tissue facto, This, when releaser, tnto 
the peritoneal exudate, initiates a cascade leading to the polymerization of fibrinogen to 
solid fibrin. This is balanced by an equally powerful fibrinolytic capability where normal 
peritoneal tissues contain measurable levels of plasminogen which can be converted to 
plastnin by the secretion of tissue plasmtnogen activator. These processes constitute 
cascade systems finely balanced by activators and inhibitors. 

SUMMARY OF THE INVENTION 
[0022] The present invention is based on the applicant's research, which has shown that 
the gelation of fibrin is profoundly affected when i. occurs in an envrtonmen. contammg 
.amellar bodies. Furthermore, the applicant's current research indicates that lamellar 
bodies subserve surfactant, lubricant, water repellent and transport functions. In serous 
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cavities, its major function would appear to be the highly efficient reduction of friction 
through self-lubricating ball and roller bearings which constantly form and reform 
between opposing surfaces. 

[0023] It would be advantageous to provide for compositions and methods of preventing 
adhesions forming between surfaces during surgical procedures through use of the 
lamellar bodies of the present invention. Furthermore, it would also be advantageous to 
provide for compositions and methods of dissolving any blood clots and preventing 
coagulation through use of the lamellar bodies of the present invention. 

[0024] Accordingly, a first aspect of the invention provides for lamellar bodies for use as 
an active therapeutic substance. In a preferred embodiment, the lamellar bodies may be 
used for the prevention of fibrin clot formation, for the modification of fibrin clots, for 
the prevention and/or treatment of adhesions, or for the prevention and/or modification of 
intravascular clots. In a yet further preferred embodiment, the lamellar bodies are 
provided in a solution, preferably as a spray, and may be provided for use in combination 
with hyaluronan and/or chondroitin sulphate B. The lamellar bodies may be synthetic or 
may be obtained from a natural source. A yet further preferred embodiment provides for 
a mixture of natural and synthetic lamellar bodies. Preferably the lamellar bodies are 
applied at 30 minute intervals and the dosage concentration of the lamellar bodies is 10 x 
10 9 per ml. Preferably the lamellar bodies incorporate other active agents, such as, but not 
limited to, anti-estrogen or anti-tumor compounds. 

[0025] A second aspect of the invention provides for a pharmaceutical composition 
comprising a therapeutically effective amount of lamellar bodies, and a pharmaceutical^ 
acceptable carrier and/or excipients. In a preferred embodiment, the pharmaceutical 
composition comprises lamellar bodies comprising about 44-60% phosphatidylcholine, 
about 15-23% sphingomyelin, about 6-10% phosphatidyl ethanolamine, about 2-6% 
phosphatidyl serine, about 2-4% phosphatidyl inositol and about 4-12% cholesterol by 
weight, and a pharmaceutically acceptable carrier. This composition may further 
comprise about 0-3% by weight of lysophosphatidyl choline. In a more preferred 
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embodiment, .he pharmaceu,ica, composition comprises lamel.ar bodies oon.pns.ng 
abou, 54% phosphatidyl, about 19% sph.ngomyel.n, about 8% phosphatidyl 
ethanolamine, abou, 4% phosphatidyl serine, about 3% phosphatidyl inositol and abou. 
,0% cr.oles.ero. by weight, and a pharmaceutical., acceptable carrier. Th.s composmon 
may further comprise about 2% by weigh, of .ysophosphafidy. choline. Preferably the 
pham.aceu.ica! composition may be used for me prevention of fibnn clo. formation for 
the modification of fibrin dots, for the prevention and/or ,rea.men, of adhesions, or for 
the prevention and/or modification of intravascular clots. 

[0026] In a yet further preferred embodiment the pharmaceutical composition 
comprising lamellar bod.es is prepared as a solution, preferably as a spray, and may be 
provided for use in combination with hyaluronan and/or chondroitin sulphate B. The 
[amellar bod.es in me composition may be syn.he.ic or may be obtamed from a natural 
souree A ye. further embodiment provides for a composition containing a m,x.ure of 
natural and syn.hetic lamellar bodies. Preferably .he composition is applied a. 30 m,nu,e 
intervals and .he dosage concen.rat.on of .he lameUar bodies in the composition ,s 10 x 
10' per ml. Preferably .he composition containing lamellar bodies incorporates other 
active agents, such as, bu. no. limited .0, an..-es.rogen or anti-.umor compounds. 

[0027] A third aspect of the invention provides for a method of preventing and/or 
m„d.fy,ng fibrin clots comprising administering ,0 a patient requiring such .reatmen. a 
therapeutically effective amount of lamellar brxlies or pharmaceutical compos.tions 
comprising the lamellar bodies described herein. In one embodiment, the lamellar bod.es 
or pharmaceutical compositions comprising lamellar bodies may be prepared as a 
solution The composition may be used in combination with hyalure-nan and/or 
chondroitin sulpha* B. The lamellar bodies may be syn.he.ic or derived from a natural 
source. The composition may be in .he form of a spray. The composition may be 
pmpared in a dosage form suitable for adminis.ra.ion a. 30 minu.e inrervals w«h .he 
[amellar bodies presen, in a concentration of abou, 10 x 10* ,ml. The composition may be 
pnepared such ,ha, the lamellar b„d,es incorporate a. leas, one other .herapeuticaHy active 
agen. The other agents may be, bu. are no. limi.ed to, a. leas, one an.i-es.rogen 
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natural source. 



amount of lamellar bodies or pharmaceutical co p ^embodiment 
pro vides for a means of dehvenng implemen «ed during 

— * MUded "" S I"" 1 in combination with hyaluronan and/or 
chondroittn sulphate B. The lam The composition may be 

prepared in a dosage form suitable composition may be 

lame narbodies present in a concentration of about tga ^ m ^ 

a ru that the lamellar bodies incorporate at least one other P 
prepared such that the lam ^ 

agent. The other agents may be, but are admin istration may 

natural source. 

tM291Aflfth a S peo t o f ,e — 

modifying intravascular clots compnstng admmts.enng a P 

combtnation wUh hyaluronan and/or chondrottin "^^^ form of . 

— ladmdma.iona, 
spray. The composition may be prepared in 



10 



.H<™esent in a concentration of aboutlOx 10? 

, m , The compos ma, be P*"^ may be , but „ no. limit* .0, a, 

one other therapeutically active agent. The o. anU , urnor compound. The 
teaatoneann^eneompoondorone— ^ 

obtained from a natural source. 1 
bodies alone or in combination with other 

nvides for a method of preparing an agent for the 
prevention and/or modification of ftbrtn clots. 



* a) praparing-^esfroma^ure — ahou,^ 

(o about 10 x lO'/ml using sahne, ^ ^ and/or 

herein said method results in preparatton of an ag 
modification of fibrin clots. 

. nrovtdes for a method of preparing an agent for 

- WA — 1*---— '" 

the prevention and/or treatment 

t0 about 10 x l0 9 /ml using sahne, ^ ^ prevention and/or 

.herein said method results in preparat.cn of an agen 

treatment of adhesions. 
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for a method of preparing an agent for 

r;-.r-.=— — — — 

to about 10 x 10 9 /ml using saline, prevention and/or 

wher einsaidme^^ 
modification of intravascular clots. 

preferably as a ^ ^ ^ ec j a i on e or in combination with hyaluronan or 
naturally occnmng. They may ^ therapeutically acttve 

ehondrohin sulphate. They may „ compound, .n a 

compound, such as au an„-es<ro 8 en or a *™*J^ „ J0 minute mtervals 

f i n v 1 n 9 /ml They may be used during 
- a concentrauon of 10 x 10 » V ^ and fonmtlauons 

However, ilia envtstoned that other p ^ be 

suiB b,e for the given condition may be used. ,« ^ ^ ^ 

or parenteral and include but are not htntted ^ 

— —T — : rJe-ebyin.ion 
The compounds may be adm.ms.ered by y os u „ jngs , ora , 
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mjecUon; inh— *»— « ^ r serv01 , Pulmonary 

* S t: 8 tloL^o,— .and 
admn— can also be employed, ^ ^ ^ „ 

formu.anon with an aerosolizing agent In ^ ^ ^ .„ ^ of 

^msterthepha— t^i^^bv^so* 

tre a,ment, such as topical use on the star, 

method known 10 the art. 

• ^ for a therapeutically effective amount of 

cellar bodies for preparatton of an agent, 
media. 

„...,—— — «— 

ste ? S ° f : t on including lamellar bodies into the middle ear; and 

a) introducing a composition including rf ^ 

middle ear. 

u ^ «f treating Chronic Otitis Media 
(COM) comprises the steps of: e; 
b) introducing a compostuon, mcludmg 

» *° * 7" bodies ,„ me composition to modtfy the viscosity of the 

o) *wng one lamellar bod^m ^ ^ ^ ^ ear , 

fibrin in the middle ear, such that ttts cap 
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Media (COM) comprises the steps of. 

b) introducing a composition, mclodmg lamellar 

fibrin in the middle ear; incision; and 

abdominal surgery. 

u ^ for nprforming abdominal surgery 
[W40) ,n one preferred embodiment me method for perform 

compnses the steps of: ^ (o „ ^ part of th e 

a) applying a composmon, tnclootng 

peritonea! lining of the abdominal cavity; ^ and 

b) allowing the composmon to modtfy the 

c) removing the lamellar bodres posr-snrgically. 

u a fo^rfnrmine abdominal surgery 
mW ,„ another preferred embodiment, the merhod o, performmg 

comprises the steps oft (0 expose , surgi cal site; 

d )reclosing the abdominal cavity, 
^^etanorherpreferredcmbommenuhemcthodofperiorm.ng — 
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b) remov,ng or modifying tissue at the surg,cal site; 

c) applying a eontposition, including lamella, bodies, to a, least par, of 



surgical site; and 

d) reclosing the abdominal cavity. 



, 11 or hndies for the preparation of an agent for the prevention 01 

,„e modiflcation of fibrin e.ots. In a preferred enrbodinrent. rhe use ,s for ti, P venu 
! adhesions In anorber preferred embodiment rbe use is for the preventton of 
K in vet another preferred embodiment, .be .amellar bodies are 

• , n^nres Preferably the lamellar bodies are sprayed onto the area tone 
Ige—on 0 nbe,™e..arhod i e S U,x.O> rm ..P re ferab 1 y t he, : meU, 

estrogen eompounds. Preferably the lameHar bodies may further meorporate 
chemotherapeutic anti-tumor agents. 

[,.44, Aceording to a thtrreenth aspee, of the present invention there is provided a 
Uel for manufaeturing a medieamen, intended for .he preventton o, fbnn e,o, 
formation, characterized in that lamellar bodies are used. 

,00451 A fourteen* aspect ofthe invention provides a process for manufaeturing a 
bodies are used. 
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[0046] Other advantages of the present invention will become apparent from the ensuing 
detailed description taken in conjunction with the following illustrative drawings. 

Brief Description of the Drawings 

[0047] In order to provide a better understanding of the present invention, embodiments 
and uses of the invention will now be described by way of example only and with 
reference to the following Figures. 

[0048] Figure 1 is a diagrammatic representation of the primitive worm showing 
separation of the gut from the body wall by the coelomic cavity. The inherent non- 
stick property of the primordial coelom is believed to have been due to the secretion of 
lamellar bodies. This highly conserved system is perpetuated in the derivatives of the 
coelomic cavity in higher vertebrates in serous cavities, joints, ducts and blood vessels. 

[0049] Figure 2 is a diagrammatic representation of the appearance of the 
mesothelium and Type II pneumocytes demonstrating the close similarity of 
ultrastructural arrangements between cell types. Both cells bear microvilh (MB), 
while the cell surfaces are lined by micropinocytotic vesicles (PV). Well-developed 
junctional complexes contain desmosomes (D). Each cell type exhibits a cytoplasm well- 
endowed with mitochondria (M) and rough endoplasmic reticulum (RER). The Golg. 
apparatus (G) is prominent in both cells. Lamellar bodies (LB), consisting of whorls of 
alternate electron-dense and electron-lucent lamellae, are present throughout the 
cytoplasm in both cells and can be observed in the process of exocytotic extrusion from 
the apical surface (Dobbie JW. Am J Kid Dis. 1990;15:97-109). 

[0050] Figure 3 is a diagrammatic representation based on serial sections of human 
parietal mesothelium illustrating the form and disposition of lamellar structures. 

LB 2 is a full-formed body contained in the vesicle which is developing and opening to 
the cell surface. LB1 is in the process of exocytotic extrusion through such an opening, 
while LB 3 has been released onto the surface. The whorls, bifurcations and fingerprint 
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patterns disced in these diagrammatic cross-sections are representative of the lamellar 
geometry. Mesothelial-derived bodies share with their pulmonary counterparts. (Dobbte 
JW, Lloyd KJ. Petit Dial Int. (1989); 9:215-219). 

[0051] Figure 4 is a diagrammatic representation based on three dimensional 
reconstruction of serial electron micrographs of normal human peritoneal 
mesothelium fixed in freshly prepared tannic acid, glutaraldehyde mixture to 
preserve phospholipid bi-loyers. Enmeshed in the opposing microvilli the lamellar 
bodies are arranged as microscopic spheres and cylinders. Where in vivo tn the 
undisturbed state, i, is presumed that lamellar bodies sutrounded by and contatmng 
sero „s fluid, function as constantly changing ball and roller bearings and represent the 
mechanical mode of lubrication for all serous surfaces. 

10052] Figure 5 Is a simplified diagram based on the three-dimensional 
reconstructions il.uatra.ed in Figure 4, shoeing the mechanics of the lamellar body 
lubricating system. The closely applied mesothelial layers, parietal and visceral, have 
interdicting microvilli The interstices are occupied by a thin film of serous fluie (SF) 
containing lamellar bodies shown here tn cross secrton. This ptovides a lubrtcabng 
system with a very low coefficient of friction. The ball and roller bearings have an 
internal organization of smaller ball and roller beanngs. It is calculated that lateral 
movement causes a constant mtxing and mergtng of the highly plastic phosphohptd 
bilayers. 

[0053] Figure 6 A-D show a selection of transmission electron micrographs 
demonstrating that the ultrastructura. geometry of lameHar bodies from different 
site are idenfica. to that of synthetic lamellar bodiesr At Electron micrograph 
showing lamellar body in a human Type Ilpneumocyte. Magnification x 155,000. B: 
Electron micrograph of lamellar body lying close .0 the surface of a human penloneal 
mesothelial cel.. Magnification x 140,000. C: Electron micrograph of lamellar body tn 
human Type B synoviocyte. Magnification x 130,000. Dt Electron micrograph of a 
synthetic lamellar body. Magnification x 180,000. 
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[0054] Figure 7 is a diagrammatic representation of the sequential histopathological 
changes seen in the development of an acute inflammatory response in the 
peritoneum. In the initial stages (B), margination of esosinophils seen in the serosal 
blood vessels (BV) which leak fibrin (F). Tissue macrophages ™ become swollen, while 
the mesothelial cells (M) assume a duboidal shape as fibrin seeps between them. As the 
inflammation continues (C), the mesothelial cells are progressively surrounded by fibrin. 
Eventually the mesothelial cells disappear (D) and the peritoneum is transformed into a 
tissue insudated with stratified layers of fibrin containing acute inflammatory cells (P). 
Dobbie JW. Peril Dial Int. 1988;8:241-248. 

[0055] Figure 8 is a scanning electron micrograph showing an association between 
fibrin fibers and lamellar bodies in an experimentally inflamed peritoneum. This 
scanning electron micrograph shows the mesothelial surface of a rat diaphragm from an 
experimental animal which had received daily intraperitoneal injections of small volumes 
of hypertonic peritoneal dialysate. This procedure stimulates minimal effusion of fibrin 
between mesothelial cells. The micrograph demonstrates lamellar bodies (LB thick 
arrow) in association with or adherent to strands of fibrin (thin arrow). Mag x 10,500. 

[0056] Figure 9 is a scanning electron micrograph showing early fibrin exudation in 
human peritoneal biopsy. This scanning electron micrograph is of the surface of a 
parietal peritoneal biopsy (human) obtained intra-operatively following procedures 
involving minimal handling of the viscera. There is a thin surface deposit of fibrin 
(arrows) enmeshed with a few red blood cells overlying an area of mesothelial damage 
and denudation. This illustrates the vulnerability of the delicate mesothelial monolayer to 
the effects of air-drying, and the micro-trauma of scuffing of the peritoneal surface, 
manually, by swabs and instruments which responds by exudation of fibrin. This 
represents the initial step in a process which may lead to adhesions. The dome-shaped 
outlines of normal individual mesothelial cells covered by microville (M) are discernible. 
Magnification x 1000. 
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[0057] Figure 10 is a transmission electron micrograph showing thick fibrin 
plaques in human peritoneal biopsy. This transmission electron micrograph of 
peritoneal biopsy was obtained upon removal of a catheter during an operation on a 
patient on peritoneal dialysis, following an episode of peritonitis treated successfully with 
antibiotics. This shows a thick plaque of recently deposited fibrin (F) exhibiting a 
network of densely-packed fibrin fibers. The plaque is stratified revealing several serial 
episodes of fibrin exudation. It lies directly on edematous submesothelial tissue (SM) 
from which the mesothelial cells have been denuded in the process. Serial biopsies 
showed that deposits of this depth and fiber density were organized to produce thick, 
fibrous, scar tissue. Where these fibrin plaques bridged two surfaces, viscera to viscera, 
to parietum, dense fibrous adhesions were formed. Material collected and 
lyzed by the International Peritoneal Biopsy Registry. Magnification x 7,750. 
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[0058] Figure 11 is a scanning electron micrograph of the surface of fibrin plaque in 
human peritoneal biopsy. A transmission micrograph of the same material is 
illustrated in the previous figure. This shows a dense, irregular network of fibrin fibers of 
varying thickness. Magnification x 22,500. 

[0059] Figure 12 is a scanning electron micrograph of fibrin clot formed in vitro by 
the addition of human thrombin (0.5u) to a solution of human fibrinogen. 

(Concentration 2mg/ml) in saline. Magnification x 1,620. 

[0060] Figure 13 is a scanning electron micrograph of fibrin clot formed in the 
presence of synthetic lamellar bodies. This scanning electron micrograph demonstrates 
fibrin clot formed with identical reactants to that of the control sample illustrated in the 
previous figure, but has been formed in the presence of synthetic lamellar bodies (10 x 
10 9 per ml). The micrograph displays gross differences in the architecture of the fibrin 
network in comparison to the control. The fibre network is much more irregular and 
considerably less dense. Compared to the control this sample exhibits large gaps between 
fibres, accounting for the observed increase in porosity to saline of up to 150% and 
reduced optical absorbance of light. Magnification 1,620. 
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mm F'^e 14 ,s a transmit electron micrograph of flbrta Co. formed . 

vilro Thisttansmission electron micrograph demonstrates a control clot 
^.teeru.of.hepreoominan.lyrectUlnearfroHnfl^.Magnlfrcaoonx^.OOO. 

,0062] Figure .5 is a .ran— electron micrograph showing syn.he.lc .ameHar 
21 erolg Hhrtn fibers. Th,s .aosm.ss.on e.ectron micrograph demons.ra.es a 

Lo'perm,. The sample .alcen 2 days after Co. formaoon showed .ha. ,he h™ 
two* las evenly permeared hy mainly smaU syn.herlc lamellar hod.es srucx to he 

sa me e,ec.ron densl.y and .ex.ure as .he fihnn fibres, and Is co-extensive w, h „ 
points of comae. (CI, C2). This characeristic appearance of synmeoc lame,,* bo y - 
L interaction was widespread throughout the Co. networtr, strongly suggesong .ha. 

completely dissolved after five days. Mag x 195,000. 

.0063, Figure 16 H a transmission e.«c.ron micrograph illustrating significant 

2 Lp«.. of Hhrln network hy synthetic lan,e„ar Th, Cecron 

micrograph shows a synthetic lamellar body (L) at the nexus of coverging ^ ° , 

„ indistinct, bentg obscurod by sub,an.ial, ,rregu,ar, fuzsy deposUs wh.ch h- 
electron density and granular!, .ypical of fibrin fibers. These 
Olustrare .he signiflcan. stroCura, disruption of the fibrin network caused by synthettc 
lamellar body presence and activity. Mag x 120,000. 

■0064] FigurelT is an example o, fibrin ge. dilution .n progress by overlain 
l.onclining.ynme.ielameHarbodies. This is a photograph o a cuveue 
iLingapre-formeds.ndardflbflnc.o. which has heea overlain 4 days prevrously 



20 



by , ml of 0.9% saline so.udon containing .0 x ICf synthetic ,ame..ar bodies and 
lated a, ,rC. A.day4.he undoing flW n g e„s sen.-soiid, and contatns „ v,ons 
noccnien, material. Samples of .he gel exanuned by —ion elecfion nacrosco 

bodies. A, .he interface wi,b .be synthetic lamellar bodies soiuuon, .here , a duck band 
of dense, flocculen, ma,ena, repeating fused syn.he.,c lamella, bodies w.th adsorbed 
material derived from ,he underlying gel. By day 5 .he underlying fibrin clo. has 
dissolved, as illustrated in (he following figure. 

[0065, Figure 18 demonstrates competed dilution of fibrin ge, by synthetic 
LeUar bodies. Th,s is a photograph of a cuvette, which had contained a preformed 
sland ard fibrin Co. overiain 5 days previously by 1ml of a 0.9* sal.ne so noon 

^asdlved audthe vrsible interface con.,n,ng flcccu.cn. matena, as i us.ra.ed ,„ 
L previous figure which, for the ptevious 4 days separated the overlying so.ut.on 
onLning syn.hc.ic lamellar bodies, has sunk .o .he bottom of the cuvette reveabn the 

wh e,he,c,o,s were formed in .he presence ofsynmeuc lamellar bod.es o, , e ge, was 
exposed a, one interface to a syn.he.ic lamellar body-containing solunon, the end-result 
was clo. dissolution in 5 days under s.mila, concentrations and condmon, 

10066) Fig.ro !9 A and B are —ion e..c.ro„ micrograph, demonstrating 
penetration, then erosion .f flbrin Cot by ov.rtain somflon conning syn heflc 
ameUar bod.es. At is an eleOron nucrograph of fibnn Co. whose surface has been 
plved with a solution of syn.he.,0 lamellar bod.es. This low-power micrograph shows 
3 grips of synthetic lamellar bodies, LSI, LS2, LS3 resting on the outer aspect of the 

varying cross-secuon, as .hey lie within .he network of .he fibnn gel. Mag x 800U 
the fibrin network. Mag x 32,000. 
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, microeraphs demonstrating penetration, 
then erosion of fibrin cioi oy o0O shows interaction 

(Fl) LSc on its inner aspect has mergcu 

arerges w,,h LSd, ,he fourih s y „,he,ie —a, bod y .n rhrs *~ 

. tr „„ microeraphs demonstrating penetration, 
th e„ er«s,o„ of whos£ surface has , two day s prev,„us ly , bee, 

rit^— k 

^ I TJe W wh.eh are everd y dispersed rhroughou, the fibria ne,wo*. 

fibers. This rs suggestive that tney 

components of .he dismregratiag fibers. Mag * 120,000. 

characteristics of fibrin fiber-derived debris (C). Mag * 93,750. 

synth e t ,c — bod,« . m,™ d-^Tb ^ Ae of 

sa „„e rhrough p— standard , mi tbnn * - ^ ^ 

— -r — — 

syringes for 1 hr at 37 C. Tnereatter y 

lowest level of lamellasomes® incorporated, the flow 
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• • • tn 1 -50% increase with the highest level tested (300u) 

lamellasomes® cone. 10 x 10 ). Expenme 

porosi ,y caused by incorporation of Ian—® - 

conditions described, as sucn me c « n f describing particular 

invention will be limited only in the appended clatm, 

inlh ,»^.™ii««**— - "'"*' 

,-r;r.rr::~ 

=:r,:».:. rc:i=:r — rr 

methods and materials are now desenbed. All public* 
incorporated herein by reference in their entirety. 

Definitions throughout this document, refers to 

[0074] "Lamellar bodies or rn.crobod.es as g ^ 

na.nn.lly occurring and synthetic lamellar bodies. 
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(00,5, "Lame— as used herein refers ,0 synthetically prepared lamellar bodies as 
described by the methods of the present invention 

r0 07«n "Adhesions" as used herein refers to fibrous bands of scarbke ttssue that form 
TU surfaees inside the bod, Th,s abnormal union of bodfiy tissue can resu 

bowe, obstntction. .ntrauterine or pelvic adhesions can lead ro tnfertth.y. In the eye 
otitis media or chronic otitis media. 

[0077, 'Ser.ua" as used herein refers to an exudate or effusion that ,s thin and watery, 
and which lacks a significant cellular component 

[0.78, "Fibrin" is the product of an activated coaguiafion system. It forms in the 
r.cularspacebycleavageoffibnnogen.Uisan.mporianrcomponenro a iood 

r we.lasarbrombus.H„weve r ,in,hecon t e X ,ofth,ssec.,on.,,is,mpo rt an,t 

lldtharfibnncanheap— ~*~~*~»£ZZ* 
enneability/tniury has been sufficientiy great to allow a large molecule hke fibnnogen 
rrlllel— arspaccPibnoogenrscleavedrnthee— spaceto 

form fibrin. 

[0079, Blood clots or "fibrin Cots" are rhe clumps that result from coagulation of Ute 
I 1 biood clot rhat forms in a vessel or wlthin the hear, and remains there ts ca led a 
HusArhrombusthattmvelsfromthe vessel chamber where « 

l h e,lo=a.,on 1 n.hebodyi S ca,ledanembo,us,and,he disorder, an embohsmffor 

example, pulmonary embolism). 

M "Fibrinous" ieads to the breakdown of fibrin Cots) and is caused by .be action 
LngblodCotsfromgrowmgandcausmgproblems.However.fibnnolystscan 
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clots, whereas secondary fibrinolysis uses fa some 

situatio ns, doctors may wish ,o speed up r*e . a ^ ^ ^ 

made fibrinolytic enzymes (such as tr a, i» 

break up the culprit clot. 

,> ferstotherapy prevention and prophylaxis and particularly refers 
^"Treatment ref. ^J^^ rf ^p^-^ 
to the administration of medicine P extent of or 

likelihood of occurrence of the inlirmuy 
where the patient is afflicted. 

ther apy with thecompositions of ,he present invem,o„. 

. . .,„„„ retas , 0 a formulation designed to release a 
re,MS£ f ° rmUl ~ Z ur other active agent such as a poiypepude or a 
terapeuueally effecttve amount of a drug ^ „ 

synth e„c compound over an trended penod - ^ fc the 

matter of the present inventton, a slow release torm 
treatments necessary to achieve the desired effect. 

... „.» refets to the use of the agents of the present mvention 
[,084, ••Combination therapy ref « » ^ ^ inventjon 

with other acttve agents or treatment modal..,*, ^ 

. t^iri. media or abdominal surgery. These other ag 
for treatment of onus medta anti . infl antma.ory compounds, or 

include drugs such as cotttcosterotds, non-stere d ^ ^ ^ 

other agents useful in treating or allevtattng pan. The comb 
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f o mc ,tPria1 with respect to viscosity, 

,«„86i »Modtfr » * r ,he phys,cal status ,,. 1 

[00861 Moony , ntheorese n, invention reference ,s made to 

adhesiveness and/or flutduy. In *e - ^ ^ 

.. m „ di r,ca„on» of fhe fibrous gel, ote factors may play a ro,e in 

perhaps due to changes in hydration of the gel. although 
modification of the physical state. 

and eustachian tube become swollen and congested. 

• „•»'• refers ,0 a mtddle ear infection that may develop when 
(00881 "Chrome ottos medta refers ^ eardrum 

nonhealing hole in the eardrum. 

General Description composit ions and methods of using isolated 

,0089, The present .nveuuon »™»^J or modify fibrin clors, o, ,0 

pteven,, modify or dissolve ex,s„n 8 <»™^ cw be used 

he compos„,on S o, ,he presen, inven.ion compns ng £*r 

eff ec,ive,y to proven, adhesions fo,,ow,„g surgrca, ^^J^,^. 
■ - findudingbotb cardiac and pleural,, spmal, mtra-eranra!. 



thoracic < 
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, . . , fcrtiMy which can occur during 
placen-al, 0-**. ^ t^Z Z"** " d **» rCVeISal SUr8CTy " 

ico he seen in peritonitis, pericarditis, 

disease (includmg memngms), ear bodies and 

compositions compnsing wn 
well. 

. - nharmaceutical compositions 
l0M11 According.,, <he presen, invenrion pro™* ^ ^ 

composition composes ahou. 44 60% P P 2 . 6% ph „ s pha,,dyl 

spmngomyeUn, ahou. 6-.0* *^^ n% cho , est ero, by weigh,, and a 

pharmaceutically acceptable earner. 
by weight of lysophosphatidylcholme. 

„ , ent .hepharmaeeuttcal composition comprises a 

merapeuncany effective amount f am sphingomy e«„, about 8* 

comprise about 54* phosphaudylcholme, abou P ^ 
p h „spharidyU t hanolamine,abou,4*pho^ 

This composition may further compn 

• a f a method of preventing and/or 

mi] The presen, ^^^^^ ~~ " " 

^S«nc,o, S comp^— 

above-noted compositions to a patient q 
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,hnd of treating and/or preventing adhesions comprising adrmn.stenng 
method of treatrng an ^ ^ compos ,„ ons 

th erapeu,,ca„y effecttve amount of me abo ^ 

• •„„ lom^llar bodies to a patient during surgery ui iw f 
compnstng lamellar FuIthe rmore, methods for preventmg 

whic h formed subsequent to a surgtca, ^ effective 

amount of a composition to a patient requiring 

, u A~ flrP a late discovery in modern biology, with their ultrastruetural 
rnno/ii t amellar bodies are a late ais^uvciy 

• i Q7T fKnlina M Pease DC. lne preseivauui 
surfactant occurring m 1977 (Kalina M, re 

closely packed lamellae. Now 

va cuo,e storage as mamre lamellar bod.es and me e>«* 

surface of Type II pneumocy.es as pulmonary surfactant has been fin. 

w To rhis day, it ,s wrdely bel.everi tha, the lubnea, auahty of the sparse fluid 

to poor resolution of the light mteroscope, the meso.heltal 

disrincrive secretory organ. » m ~ ^ ^ ^ 
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UUrasmretoral similarities between mesothehum * ' R No , ph 

rele vanee to pbospnoltp* — ^^T^ 

^Uonof— , ««> > ^ ^^^^peritoneu.. Peri, 

rr; ===== ---sric^^ 

1996;16:574 . 81 . Dobbie W. Tasiaux N, Meters P e, a.. Ume 

rheumatoid disease, di linPX olored function of 

Lamellar body seeretion: UUras.ruc.ura. analysts of an unexplored 

synoviocytes. Br J Theum. 1995,34: 13-23). 
fluid (4u to 5|i) containing lament 

be seen in 
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the fibrin is totally removed and the lubricating layer returns, 
inflammatory response, the fibrin is 101a y 

along with movement and function. 

removal of catheters, and the four times daily & 
frequent feature of the therapy. 

=1--— 

greater confidence in the reliability of findings. 

45nm) . On — , .He fibn„o g en ^ associa(£ (0 fom flWn 

ribers and <he .arisen — ^ g ^ symme(ry in fibnnogen 

twisted in a helical manner, reflecting am g liniirintt ^ The limitation 

— i«^^ 

in growth is explained asa—^ 

the fiber. When the amount of energy necessary to stretch p 

available for bonding, lateral growth then ceases. 

a- a vw » varietv of physico-chemical methods, 
Vm HydraKd fibrin gels have been sriod-ed b a y ^ 
by ligh , and etectron nricroscopy, Uquid penneanon and .urindriy. 
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-a n f ctrai eht rod-like fiber elements, some of 

^ . — whtch become tighter, *e fiber strands shorter and fine porostty 
rloe, porosity of fine network a,so decreases in penned at—,,, 
II A,bunun and dexttan, when present in the gebformtng system, ate icnown ,0 

for formation of this type of gel structure in plasma. 

Therapeutic Uses of Natural and Synthetic Lan.el.aso.ne Solutions 

tOOT T invention provides compositions and methods of treatment comprtsmg 

a prete ed aspect, the ,ame,,ar bodtes or composes comprtsmg iamei.ar W e arc 

prod uce undesired side-effects,. The subject is preferab.y an antmaf, tn dudmg bu 
Led to animais such as monkeys, cows, pigs, ho.es, chtckens, cats, dogs, c. „ and 
Illy a mamma,, and most pteferahiy human, fn one specific embodtment, a 

iTm LmamntaHsthesubjec, ,„ another specific embodiment — " 
2 subject As synthetic JameUar hodies mtmic the action of natura. '-^ bodtes 

o W L can be used as therapeutic agents for a number of uses. Syrette ameUar 

fibrinofydc enzymes which have .ife threatening sys.emtc s,dc effect ThuMbe key 

ynlc or natura, ,amc„ar bodtcs in therapies is the prov.ston of targeted oca, 
l«nor 1 ys,soffibn„orwho,eb 1 o„dc,o, S .Thi S mcans,ha,sy„,bet 1 c,amc,,ar 

required. 

mm ,„ parttcuiar, ,ame„ar bodies can be used in the treatment of two principie groups 
of disorders: 
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a) The restoration of normal structures and funetion in sires subjected to acute 
mfiammatory reaction, through the removal of exrravascular fibrin to permit healtng by 
first intention. Lamellar bodies can be used to prevent or modify the formatton of 
granulation tissue, thus preventing scarification and loss of function. 
" b) Lamellar bodies can also be used to treat intravascular and extravascular whole 
blood Co, formation. Synthetic lamellar bodies will be used to either prevent or modtfy 
.mravascultu clotting in confined segments of the vascular tree. This can be used as a 
preventive measure in situations involving vascular surgery and tntra-vessel 
manipulations, such a coronary angioplasty, resulting in procoagulant activity and/or 
micro-emboli in distal arteriolar and capillary beds. Synthetic lamellar bodies can be 
used to treat intravascular thrombosis by being tnjecred into preformed clots in vessels of 
al, calibers in the arterial tree. Synthetic lamellar bodtes in solution may also be used to 
liqU efy hematomas by direct injections. Thts treatmen, would be applicable where local 
swelling is causing acute functional compromise or where more rapid dtspersal of 
hematoma by synthetic lamellar bodies would prevent slow healing by granulatton .tsstte, 
causing scarification and disfigurement. 

[0103] Furthermore, many treatments of the vascular system entail the introduction of a 
device such as a stent, catheter, balloon, guide wire, cannula or the like. One of the 
potential drawbacks ,o the use and implantation of these devices is that blood vessel walls 
can be disturbed or injured. Clot formation or thrombosis often results at the injured s,te, 
causing stenosis (closure) of the blood vessel. 

[0104] Another cause of stenosis is vascular disease. Probably the most common disease 
caustng stenosis of blood vessels is atherosclerosis. Atherosclerosis is a condition whtch 
commonly affects the coronary arteries, the aorta, the iliofemoral arteries and the carottd 



arteries. 



[0105] Many medical devices and therapeutic methods are known for the treatmen, of 
atherosclerotic disease. One particular therapy for certain a,herosclero,ic les.ons „ 
percutaneous transluminal coronary angioplas.y (PTCA). Another therapy for certam 
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arherosc.ero.ic .estons is percutaneous —a, angroplasty (FTA). Dunn PTAa 
advanced to the she of atherosclerotic p.a,u, Marion of the balloon cracks the 



part. 



(»,««, While PTA presently enjoys wide use, i, suffers from two major problem, Ftrst, 
IlLdvesseimaysufferacureocciusionrmmedrareiyaf-er or wUhinU, mainour 
after the dilaUon procedure. Such occluston is referred ,0 as "aorupr closure. A second 
maJ or problem entered in PTA is the re-na.ow.ng of an artery after an tntha y 

occurs within the firs, six months after angioplasty. Restenos.s ,s beheved .0 a^se 

we H as through geometric changes in the arreria, wal, referred ,0 as remodehng. 

[0107] A dev,ce such as an intravascular s.en. inc,ud.ng stent grafts and covered stents 
an be a useful adjunct ,„ PTA, particularly in rhe case of eirher acute or threatened 
dosure after angioplasty. The srenr.s placed ,n rhe d„a.ed segment of .he artery, 
mechanic* preven. abrupt closure and resfenos,, UnforUmately, even when the 
impl an,a.ion of the s«en. is accompanied by aggressive and ptecise anr.plate.e, and 

reste „osi S is nor as suecessfu, as des.red. Furthermore, an unde rable stde 0— 
systemic anriplatelef and aottcoagulation therapy is an increased mcdence of b.cedmg 
complications, most often at the percutaneous entry sue. 

Thus, the use „, the lamellar bodies of the presen. invention may prove beneficial 
L meatmen, of patients undergoing angioplasty or sten, imputation to preven. the 
potentially life threatening thrombotic complications of such theraptes. 
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Surgical Use of Lamellar Bodies 

[01091 Synthetic lamellar bodies can also be nsed as anti-adhesion agents in all forms of 
surgery In particular, lamellar bodies in solution can be used in operative procedures tn 
peritonea,, pleura,, pericardia,, joint cavities and tendon sheaths. LameUar bodies may be 
used in gynecology, surgery. Lamellar bodies may also be used in neurosurgery. 
Lamellar bodies may also be used in eye or ear surgery. 

The Use of Lamellar Bodies in Gynecological Operations 
[01101 Gynecological conditions including, bu, no, limited to, uterrne fibroids, 
endometnal hyperplasia, endometriosis, and ovarian cysts are common in many women. 
The primary means of alleviating the pain or discomfort associated with these condtttons 
is through surgery. 

[0111] For example, more than 30* of women develop fibrotds by the time they reach 
menopause. Fibroids are benign adenomas composed of fibrous tissue which origmate tn 
,he uterine wall. In some sanations, the fibroids may be small and the indivtdual may not 
exhibit any symptoms a, all. On the other hand, certain women expenence severe 
menstmal bleeding and cramping, or constipation and urinary frequency due to the large 
size of the fibroids. As noted above, the usual treatment for fibroids is surgical removal 
(ie. hysterectomy or hysterotomy). 

[0112] Endometrial hyperplasia, which is an abnormal thickening of the endometrium 
that is not completely shed a. the time of mentation, is though, to affect between 5- 
1» of premenopausal women. The symptoms, which can include painful and heavy 
menstruation, and painful sexual intercourse, can be alleviated usually through surgrca. 
inrervenrion (ie. curettage or hysterectomy). 

[0113] Endometriosis, which affects about 5* of pre-menopausa, women, is due to the 
appearance of patches of endometrial tissue in the peri.oneal cavity. Generally, these 
parches of endometrium, whrch can grow on the serosal surface of the ovaries, uterus, 
bladder, large intestine or the perironeum, respond to normal hormonal changes over the 
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menstrual cycle in parallel to that of the endometrium. Thus, the areas containing this 
endometrial tissue can bleed, swell and cause severe pelvic discomfort and pain. As with 
other gynecological problems as noted above, the standard therapy for endometriosis is 
surgical ablation of the abnormal tissue. However, the recurrence rate is high, requiring 
ongoing surgical treatment (Namnoum et al.(1995), "Incidence of symptom recurrence 
after hysterectomy for endometriosis." Fertility and Sterility, 64(5): 898-902). 

[0114] Ovarian cysts are thought to affect an even higher percentage of pre-menopausal 
women, in fact, up to about 20%. The pathology is that of multiple, incomplete follicles 
within the body of the ovary. Polycystic ovarian disease, which is characterized by 
excessive androgen production from the follicles stimulated by abnormally high insulin 
levels, is a variant of this condition. The usual symptoms of polycystic ovarian disease 
are hirsutism and acne. While the normal treatment for these conditions is the use of 
agents that down-regulate the release of gonadotrophins (FSH and LH) from the 
hypothalamus (thereby inhibiting ovulation), surgical intervention may be necessary in 
extreme cases. 

[0115] The surgical procedures necessary to treat the above noted conditions may be 
beneficial in alleviating the pain and discomfort associated with these conditions, but 
there is always a risk for formation of post-surgical adhesions. Accordingly, the methods 
and compositions of the present invention, as described below, may be beneficial when 
used in conjunction with the surgical procedures noted above. 

The Use of Lamellar Bodies in Operations in the Peritoneal Cavity 
[0116] In open abdominal surgery, the surfaces of visceral and parietal peritoneum, in as 
wide an area as possible, are lightly sprayed with 2ml of synthetic lamellar bodies before 
any surgical manipulation is carried out. The synthetic lamellar bodies with their 
entrapped fluid become enmeshed in the dense microvillous surface carpet of the exposed 
mesothelial cells, before the deleterious effect of air drying commences. A thin layer of 
synthetic lamellar bodies protects the mesothelium from drying. The synthetic lamellar 
bodies are therefore in situ in increased density at the beginning of the operation, where 
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the abnormal stimulus of opening the cavity induces fibrinogen exudation and fibnn 
deposition over the surface of the exposed peritoneal lining. Thus the fine fibrin network 
which typically develops at the beginning of operative procedures will take place in an 
environment of increased density of synthetic lamellar bodies. Extravascular fibrin clots 
formed ab initio will therefore contain synthetic lamellar bodies, resulting in the 
formation of a fibrin network which is less dense than normal and which will be open to 
fibrinolytic degradation by synthetic lamellar bodies and the fibrinolytic system. 



[0117] The median dose that is sprayed on each occasion when used is 1ml. In a 
preferred embodiment, the ideal concentration of synthetic lamellar bodies is W x 10 9 /ml. 
100 microliters of synthetic lamellasome solution sprayed evenly will cover lm 2 of 
peritoneal surface to a depth of 3/x. According to the nature of the operative procedure, a 
further 1ml of synthetic lamellar body solution should be sprayed over the entire 
operative area every 30 minutes throughout the procedure. A final 2ml of synthetic 
lamellar body solution should be sprayed evenly around the peritoneum immediately 
before closing the abdomen. In an abdominal operation lasting 4 hours, the total volume 
of synthetic lamellar body solution applied is about 10ml. 

[0118] In a preferred embodiment, the standard method for preparing abdominal surgery 

would include the steps: 

making an incision in the abdominal cavity in order to expose a surgical site; 
removing or modifying tissue at the original site; and 

• reclosing the abdominal cavity. 

[0119] Alternatively, another preferred embodiment would be: 

making an incision in the abdominal cavity in order to expose a surgical site; 

• removing or modifying tissue at the surgical site; 

. applying a composition, including lamellar bodies, to at least part of the surgical 
site; and 

• reclosing the abdominal cavity. 
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[01201 This use of lamellar body solutions car, be bo* for the treatment of surgical 
adhesions and to prevent the formation of said surgical adhesions. 

[0121] Synthetic lamellar body solutions should be used in laparotomies carried out for 
adhesiolysis in a similar manner to that described for open abdominal surgery. Agatn m 
laparascopic abdominal surgery using the technique of pneumoperitoneum, the 
peritoneum must be sprayed with a median dose of 1ml at the begtnning of the operatton 
and at a median of every 30 minutes throughout the procedure. 

[0122] Synthetic lamellar bodies that are sprayed into the peritoneal cavity are removed 
post-operatively by drainage through the opercula of the lymphatics in both domes of the 
diaphmgm, passing through the thoracic duct into general circulation. Synthetic lamellar 
bodies are readily phagocytosed (as are natural lamellar bodies) by the reticulo- 
endothelial system. The load obtained through use of a total median dose of 10ml m a 
four hour operation would cause no overloads of the reticulo-endothelial system. In 
addttion to this roure of dispersal of synthetic lamellar bodies, there are two other 
principle modes of uptake in metabolism. As with natural lamellar bodies, syn.he.tc 
iamellar bodies are phagocytosed by peritoneal macrophages which recycle the 
phospholipids, as occurs in pulmonary alveoli, for absorption by meso.hel.um aa a 
substrate to produce new lamellar bodies. Thus, any excess of synthetic lamellar bodtes 
in the post operative period provide a large pool of phospholiptd substmte to support htgh 
levels of lamellar body production. The maintenance of lamellar body secretion m the 
early post-operative period serves not only the down regu.ation of extravascular fibnn 
formation, but enhances the non-stick role in reducing fnction between the layers of the 
peritoneum. 

[0123] Characteristically, the junctional regions between mesothelial cells is sloping. 
Thus mesothelial cells overlap. Mesothelial cell nuclei show specific nuclear 
characteristics found in cells subjected to extremes of stretching. Thus, mesothelium m 
areas which can expand up to 10 times their normal circumference must be subjected to 
large increases in surface area in order to maintain an intact cellular cover. Lamellar 
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bodies secreted onto the lumenal surface by mesothelium pass between the cells into the 
junctional regions, where they are located in normal peritoneum. Their regular presence 
in the sloping, elongated junctional regions serves as an important function in allow 
frictionless sliding between cell borders to allow stretching without exposing bare areas 
between cells. Providing an excess of synthetic lamellar bodies in the postoperative 
period, where the inflamed submesothelial tissue shows varying degrees of oedema and 
stretching of the overlying mesothelium, serves as an important added protection against 
the splitting and separation of mesothelial cell layer and continuing the postoperative 
oozing of fibrinogen and fibrin formation. 

Operations in Other Serous Cavities 

[0124] Procedures using lamellar bodies in solution are applicable in the prevention of 
adhesions during surgery carried out in the pericardial and pleural cavities. In the past, 
there was a disregard of the occurrence of pericardial adhesions to the chest wall, as 
interference with cardiac movements were not considered detrimental to cardiac function. 
Also, it was believed that a single open cardiac operation was all that an individual 
patient would require in his remaining lifespan. However, more recently serial cardiac 
operations have become increasingly common. This means that the time spent by the 
surgeon in laborious dissection of adhesions between the heart and anterior chest wall has 
added considerably to both time and difficulty in clearing the area prior to an operation 
being carried out. The administration of lamellar body solution on opening the 
pericardial cavity can be carried out as in abdominal operations, with an initial spraying 
of 1ml to parietal and visceral pericardium. 

[0125] Lamellar body solutions may also be used in lung surgery to maintain a freely 
mobile pleura. In several disorders and surgical situations, pleural adhesion may be 
beneficial and lamellar body solutions would therefore not be used. However, a mobile 
pleura free of adhesions may be important where there are pleural tumor seedlings and 
access to all of the cavity for intra-pleural chemotherapy must be maintained. In 
particular, dense fibrin containing tumor seedlings produce densely collagenous 
adhesions sequestering metastatic deposits inaccessible to anti-tumor agents. 
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Furore, clinical observations as well as experimental mode.s of tumor eeU adheston 
have shown that damaged tissue is an arrraedve sire for rumor growth after system, 
section of viable rumor eefts. See, for examp.e, S. Mutthy and E. Seanlon, eds., Injury 
and Tumor Implantation: Biological Mechanisms and Clinical Implications for 
Recurrent and Metastasis. R.O. Landes Co., Austin, Tex. 1993. The resuUs show , ha, 
specific adhesion molecules and theft receptors play a role in tumor cell and endothefial 
ce„s or extracellular matrix attachment. B. Zetter, Semtnars in Cancer Biology, 4: 219- 
229 (1993) Them are numerous adhesron molecules which are expressed by rumor cells 
and which are sumulated by various environmental conditions or factors, e.g., cytokmes. 
Accordingly, it may be beneficia. ,0 ufilise the lamellar bodies or composite 
comprising lamellar bodies to prevent the possible attachment of metastatic rumor cells 
exposed (damaged) tissue following surgery. 

Incorporation of Other Therapeutic Agents in Lamellar Body Solutions 
[ 012 «] The present invention also encompasses the option of incorporating other acbve 
agents on and wfthin the lamellar bodies to effect and prov.de targeted therapeuttc benefit 
dunng surgery. For example, ,n peritoneal e„dome t nos,s, lamellar bodies can be 
prepared to contain anti-estrogen compounds which will serve ,0 suppress endometna, 
epithelium, as well as suppressing focal dense fibrin formation following adhestolysts 
nysis of adhesions). Examples of such anti-estrogen compounds may include those 
lenown as aromatasc inhibit, including amtnoglutethimide (Cytadren) or anas.ro.ole 
(Arimidex). Other anti-estrogen compounds may be selected from rhe class of 
compounds known as estrogen receptor blockers, inc.uding clomiphene (Clomid) and 
tamoxifen (Nolvadex), which are .he most popular drugs of this class. They are more 
precisely referred .o as "selective estrogen recep.or modulator," Th.s is because the,r 
m „de of action is no. so simple as merely blocking the es«rogen recep.or. Estrogen 
re cep.ors requtre no. only hormone but also activation of regions of the receptor called 
AF-1 and AF-2. AF-1, to be ac.iva.ed, requires phosphorylation, while AF-2 can be 
activated by any of a number of cofactors, such as IGF-1. As it happens, clomiphene and 
tatnoxifen are estrogen receptor antagonists (blockers) in cells mat depend on acttvatton 
of the AF-2 region, while in cells which acuva.e AF-1, .hese compounds are es. TO gens. 
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In some cells these drugs activate one of the types of estrogen receptor (ERa ) but are 
antagonists of the other type (ERb ). The result is that these compounds are antiestrogenic 
in breast tissue, fat tissue, and in the hypothalamus, but are estrogenic in bone tissue and 
with respect to favorable effect on blood lipid profile, both of which are, again, desirable. 
They also appear to have some estrogenic effect on mood, though this may be in only 
parts of the brain. Cyclofenil is a similar drug to the above two. Raloxifene (Evista) is a 
new selective estrogen receptor modulator that, for women, has the advantage of being an 
antiestrogen in the uterus, whereas clomiphene and tamoxifen are estrogens in that tissue. 
For this reason, the latter two drugs can promote uterine cancer, while raloxifene actually 
should help prevent it, and is therefore a superior drug for women. 

[0127] Also, lamellar bodies containing chemotherapeutic anti-tumor agents can be used 
during operations in patients with abdominal carcinomatosis, as peritoneal tumor deposits 
classically seed onto denuded areas of the peritoneum, becoming enmeshed in fibrin clots 
and forming dense adhesions containing sanctuary areas of metastatic tumor deposits. 
Examples of antitumor agents include bleomycin hydrochloride, methotrexate, 
actinomycin D, mitomycin C, vinblastine sulfate, vincristine sulfate, daunorubicin 
hydrochloride, adriamycin, neocarzinoszatin, cytosine arabinoside, fluorouracil, 
tetrahydrofuryl-5-fluorouracil krestin, picibanil, lentinan, levamisole, bestatin, azimexon, 
glycyrrhizin, poly I:C, poly A:U, poly ICLC, cisplatin and the like. This therapeutic 
strategy is also applicable to pleural and pericardial cavities. 

Lamellar Body Solutions Used in Surgery of Synovial Joints and Tendon Sheaths 
[0128] Lamellar body solutions can be used in open and arthroscopic surgery to modify 
fibrin deposition and to promote healing by first intention by suppressing scarification 
and preventing joint adhesions. Appropriately, reduced volumes of lamellar body 
solution, depending on the size of the joint space, should be used. 

[0129] Other agents that may be envisioned for combination therapy for use with the 
lamellar bodies may be anti-inflammatory agents, or analgesic agents suitable for 
treatment of pain. Examples of analgesic agents include salicylic acid, acetaminophen, 
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ibuprofen, flurbiprofen, morphine and the like; local anesthetics such as hdocame, 
bupivacaine, benzocaine and the like. Examples of anti-inflammatory agents may be 
hydrocortisone, prednisone and the like. Furthermore, antibactenal agents such as 
penicillin, cephalosporins, bacitracin and the like may be used in combination with the 
lamellar bodies of the present invention. 

[0130] Lamellar body solutions can be used in operations on tendons to spray visceral 
surfaces when exposed, as well as spraying the outer aspects of the tendon sheath to 
prevent the formation of dense fibrin clots. 

Use of Lamellar Body Solutions in Neurosurgery 

[0131] In peripheral nerve surgery, lamellar body solutions and sprays should be used 
when surgery is carried out on the perineureum. 

[0132] In intra-cranial and intra-spinal surgery, the meninges are also subject to acute 
inflammatory reaction to surgical interference, as in other body cavities. Where fibnn 
exudation may result in scarification with dysfunctional effects, the use of lamellar body 
solution is an option. Likewise, cerebrospinal fluid also contains lamellar bodies secreted 
by the ependyma. Therefore, operations to relieve intra-cisternal blockage may benefit 
from the use of lamellar body solutions to counteract any procoagulant activities 
stimulated by surgery, which would otherwise reverse the intended outcome of the 
surgical procedure. 

[0133] In rheumatoid arthritis, acute inflammation is the cyclic pathological process, 
which leads to joint destruction. In acute inflammation there is a massive exudation of 
fibrinogen from the hyper-permeable vessels of the highly vascular, inflamed synovium. 
Thus, fibrin is deposited in peri-articular tissues and the joint of space. In rheumatoid 
arthritis, fibrin can account for up to 34% of the volume of synovial fluid where it is 
present as so called rice bodies and flakes, while thick stratified layers cover all of the 
joint surfaces. Fibrin networks are also widely infiltrated throughout the peri-articular 
,. The repeated widespread deposition of fibrin in the granulation tissue and joint 



tissues. 
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spaces results in healing by second intention, leading to fibrous adhesions, scarrftcatton 
and obliteration of join, space. It is worth noting that in,ra-arr,eular deposition of fibnn ,s 
also a feature of other types of acute join, inflammation, as in gout, pseudo-gou, and 
Reiters Disease. 

[0134] Intra-articular injections of lamellar body solution can be used in acute joint 
inflammation to prevent the formation of dense fibrin clots, and to promote fibrin 
fragmentation and dissolution. This can be carried out in conjunction with administration 
of anti-inflammatory medication. 

Therapeutic Uses Of Lamellar Bodies (synthetic or natural) In Disorders Of The 
Middle Ear And Eustachian Tube 

[0135] The Eustachian tube connects the cavities of the middle ear with the pharynx. Its 
sole function is the equalization of air pressure on both sides of the eardrum. If the 
Eustachian tube is blocked, the air pressure in the middle ear rises, causing increasmg 
diminution of auditory acuity. In 1982 it was discovered that lining cells in the 
Eustachian tube secreted pulmonary surfactant. To this day it is not widely appreciated by 
otolaryngologists that this esoteric finding is of crucial importance in the causation of 
disease in this part of the body. The surfactant property of the lamellar bod.es secreted m 
this duct perhaps has obscured their understanding that the principle role of lamellar body 
secretion is not that of a surfactant, but of providing non-stick surfaces which are capable 
of de-blocking fibrin exudates and plugs. 

[0136] The Eustachian tube guards a vital function in animal survival by protecting the 
auditory acuity of both predator and prey. In hominids the recent adoption of the upright 
position has resulted in sub-optimal drainage of the middle ear, since there has been 
insufficient evolutionary time for modification of a system standard in all quadrupeds of 
a horizontal skull and constant forward movement. This anatomical deficit, together with 
the recent crowding together of the species in large groups, has resulted in a situauon 
where otitis media with effusion or "glue ear" is a present-day epidemic affecting up to 
one third of all children at some time in their early lives (Bull PD. In: Diseases of the ear, 
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nose and throat. Blackwell Science Ltd. Oxford. 1996.pp 57-60). This condition is due to 
the accumulation of fluid, often viscous, within the middle ear cleft through blockage of 
the Eustachian tube and resultant poor drainage into the pharynx. This leads to significant 
conductive deafness causing developmental and educational impairment. 

[0137] The pathology of this condition derives from acute inflammation of the 
Eustachian tube through extension from the pharynx of viral and/or bactenal infection. 
As at all sites, the acute inflammatory exudate contains a high proportion of extravascular 
fibrin whose function is to localize the infection and prevent its spread. Again, massive or 
persistent fibrinous exudate will heal by second intention, causing sub-mucosal fibrosis, 
lumenal synechia (fine adhesions), narrowing and blockage of the duct. As at other sites, 
the pathological sequelae derive from the overwhelming of the lamellar bodies' ability to 
ensure early removal of extravascular fibrin. Thus the use of lamellar body solution at an 
early and appropriate stage, through administration on a continuous or intermittent basis 
by direct injection or through gromits which give access to the middle ear and Eustachian 
tube will modify fibrin in formation while also lysing pre-formed old fibrinous exudate. 

[0138] The problem is particularly noticeable in cases of Chronic Otitis Media (COM). 
Accordingly, in cases such as this, one suggestion is to treat the problem surgically by 
introducing a composition comprising lamellar bodies into the middle ear. This is done 
by inserting a fine needle through the tympanic membrane (which may have an incision 
made in it) and introducing the composition comprising lamellar bodies through the fine 
needle into the middle ear. The lamellar bodies are then allowed to modify this viscosity 
of the fibrin in the middle ear, such that it is capable of draining from the middle ear. 
The modified fibrin can be drained through the incision in the tympanic membrane and a 
vent tube can be inserted into the tympanic membrane to close the incision. 

Novel Use Of Lamellar Bodies In The Treatment Of Lung Disorders 
[0139] R*™lt* ofRe-av rrmxnl of Fibrin in hum Pathology 

[0140] The findings of our in vitro investigations carried out in respect of the present 
invention of the highly potent biological action of lamellar bodies on the formation and 
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removal of fibrin has occasioned a critical re-appraisal of the validity of established 
concepts of the aetiopathogenesis of all lung disorders involving an inflammatory 
response. These findings reveal the existence of a hitherto unrecognized pivotal role of 
lamellar bodies in the successful resolution of pulmonary diseases, which involve acute 
inflammation and its inevitable deposition of intra-alveolar fibrin. Obversely, any 
disorder which reduces pulmonary lamellar body secretion, can now be predicted to have 
serious pathological effects on the resolution of the inflammatory response by virtue of 
the failure to promote early removal of fibrin, resulting in heal.ng by second intention, 
granulation tissue and fibrosis. Thus the role of lamellar bodies as surrogate lamellar 
bodies assumes novel therapeutic potential for the better resolution of most, if not all, 
lung disorders where intra-alveolar exudation of fibrin occurs. 

[0141] Crucial Hole ofPu^nrv Alveolar Architecture in Nature of Inflammatory 
Response 

[0142] Pulmonary alveoli possess microscopically-thin walls, 20 - 40 microns in 
thickness, which contain the rich capillary network. If an inflammatory-provoking agent 
succeeds in passing through the proximal respiratory passages, an acute inflammatory 
reaction will take place in a region with a highly delicate microscopic architecture which 
subtends the air sacs. Thus, by virtue of the hyper-vascularity of the thin-walled, 
honeycombed structure of the lung, it is obvious that the effect of the effusion of fibrin in 
such a site would have immediate and catastrophic effects on pulmonary function. As in 
other sites, acute inflammation results in vascular congestion of the capillary network in 
the alveolar walls, leading to margination of granulocytes, increased permeability of the 
vessel walls and effusion of fibrinogen-rich exudate around and through the pulmonary 
pithelium into the alveolar space. Fibrin is thus deposited around the walls of the air sacs 
situation where Type H pneumocytes secrete lamellar bodies as pulmonary 
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[0143] Because of the absence of any knowledge in the biological or medical world of 
the effect of lamellar bodies, as demonstrated by our research with synthetic lamellar 
bodies on fibrin formation and removal, from this point on, any current explanation of the 
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course of pathological evolution or resolution of the inflammatory response in the lung 
must be open to question. 

[0144] The role of fibrin in the acute inflammatory response, considered in the light of 
the structural and functional vulnerability of pulmonary alveoli, it therefore can be no 
coincidence that the lung was first recognized to be the site of lamellar body secretion, 
and we now show that additional to whatever surfactant properties they provide, lamellar 
bodies have a profound effect on the formation and removal of extra-vascular fibrin. 

[0145] Hvaline Membrane Disease 

[0146] Surface active phospholipids accumulating in the lungs during late gestation, 
lower the surface tension of the foetal pulmonary fluid and reduce the resistance to 
aeration due to capillarity in the finer airways. Thus an adequate amount of pulmonary 
surfactant secreted as lamellar bodies must be present at birth for the initiation and 
maintenance of respiration. 

[0147] Neonatal surfactant deficiency gives rise to a condition variously known as 
Respiratory Distress Syndrome or Hyaline Membrane Disease. Its commonest cause is 
prematurity, where Type II pneumocytes in the immature lung fail to secrete a sufficiency 
of surfactant to establish normal physiological conditions for maintenance of respiration. 
The basic biological concept which totally dominates our understanding of the 
pathophysiology of this syndrome and which is solely responsible for the only therapeutic 
strategy, is the role of surfactant in establishing adequate gaseous exchange between 
alveoli and pulmonary capillaries. No other role for the presence of phospholipid bilayers 
in pulmonary alveoli is recognized. Thus all pharmaceutical efforts are concentrated on 
providing surfactant in its most complete and natural form to meet all the physical criteria 
and pulmonary mechanics of gaseous exchange. However, the older name of Hyaline 
Membrane Disease historically marks the concern by the pathologists who coined this 
term, over the striking histological findings in the pulmonary alveoli of neonates dying of 
this condition. The use of the term "membrane" indicates a physical barrier between 
alveolar air and the underlying blood vessels. "Hyaline membrane" was an imprecise 
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pathological term for eosinophilic acellular material. Modern histochemistry and electron 
microscopy have shown that in fact, hyaline membrane consists largely of fibnn. 

[0148] The applicant's research has shown that not only are lamellar bodies required for 
establishing the appropriate physical conditions for gaseous exchange, but that lamellar 
bodies are a key balancing element in modifying the deposition and removal of ftbnn. 
Thus synthetic or natural lamellar bodies will be used and applied to the respiratory 
passages and alveoli of neonates to obtain dissolution of the hyaline membrane (ftbnn) as 
a key part of a dual therapy, along with surfactants containing spreading factors for 
establishment of adequate gaseous exchange. 

[0149] Current mortality, despite the use of surfactant, is due to the fact that these 
preparations do not supply a sufficient density of phospholipids as lamellar bod.es to lyse 
and fragment the fibrin membrane which, if unremoved, completely negates any 
administration of surface active phospholipids with spreading factors. 

[0150] Use nf lamella r Rndies in Peritoneal Dialysis 

[0151] Exudation of fibrin from the peritoneum frequently occurs in peritoneal dialysis in 
response to a wide variety of stimuli which provoke an inflammatory response. These 
include bacterial and fungal infections, endotoxin, antiseptics used in exchange 
procedures, which have entered the dialysate pathway, pharmacological agents added to 
dialysate eg, antibiotics. As a novel form of treatment to prevent the recognized 
pathological sequelae which may result in the abandonment of this life-maintaimng 
therapy, intraperitoneal infusion of a solution containing a high concentration of synthetic 
lamellar bodies can be used to dissolve formed fibrin and modify forming ftbnn, to 
prevent the genesis of peritoneal fibrosis and the formation of intra-abdominal adhesions, 
omental adhesions to peritoneal catheter, and catheter blockage. 

[0152] When a patient is being removed from peritoneal dialysis, solutions of synthetic 
lamellar bodies should be infused per catheter into the peritoneum after cessation of 
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dialysis. This is to prevent adhesions forming between areas of peritoneal surface which 
have been denuded of mesothelial cell cover. 

[0153] Sclerosing peritonitis, a rare but serious complication of peritoneal dialysis, where 
global loss of mesothelium leading to loss of intraperitoneal production of lamellar 
bodies and global fibrin exudation results in widespread adhesions which cannot be 
relieved by surgical intervention. This usually fatal complication should now be treated 
by per catheter infusions of solutions of synthetic lamellar bodies into the peritoneum. At 
the onset of this condition the patient should receive continuous dialysis in which the 
dialysate contains a titrated amount of synthetic lamellar bodies. If widespread surgical 
adhesiolysis is to be carried out, exposure to solutions of synthetic lamellar bodies should 
begin intra-operatively and be continued under regular abdominal ultrasonic monitoring 
until a mesothelial cell layer regenerates from stem cells to cover the raw, dissected 
surfaces of visceral and parietal peritoneum, for a period which should range from twelve 
to twenty days. 

[0154] Production of synthetic lamellar bodies 

[0155] One method for preparing the synthetic lamellar bodies of the present application 
is shown below. 

[0156] Phospholipid multilamellar microbodies are constructed using specific 
phospholipids in proportions similar to those found in lamellar bodies in normal tissues. 
The key feature that distinguishes the phospholipid multilamellar microbodies described 
in the present application from liposomes is their low content or absence of cholesterol. 
In biomedical applications liposomes, as synthetic constructs, are primarily designed for 
compartmental containment and preservation of pharmaceuticals and diverse agents. 
Thus they are constructed with high levels of cholesterol which confer a membrane 
stability and low porosity, mimicking mammalian cell membranes. Therefore it follows 
that the bilayer concentration of cholesterol is the key determinant of the circulatory half- 
life for liposomes designed as drug carriers. The inhibitory effect of cholesterol on the 
up-take of liposomes by the lympho-reticular system, as measured in liver and spleen, is 
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well-established. In direct contrast, phospholipid multilamellar microbodies, modelled 
on the properties of lamellar bodies, are readily taken up by phagocytic cells and as in the 
case of liposomes with low cholesterol content , are rapidly removed from circulation by 
lympho-reticular tissue. 

[0157] The principle phospholipid constituents of lamellar bodies are 
phosphatidylcholine (PC), sphingomyelin (SPH), phosphatidylethanolamine (PE), 
phosphatidylserine (PS), phosphatidylinositol (PI) and lysolecithin (LPC). The 
phospholipid composition of lamellar bodies shows slight variation according to the cell 
of origin. 

[0158] PC is the principle phospholipid in lamellar bodies, irrespective of site of origin. 
The percentage PC concentration varies from around 70% in lung lavage to 45% in 
synovial fluid . The next phospholipid in ranking concentration is SPH (5-15%). 
Thereafter, PE, PS, PI, PG and LPC are present in varying, single digit percentage 
concentrations in lamellar bodies according to site of origin. 

[0159] The preferred composition of phospholipids and cholesterol for phospholipid 
multilamellar microbodies comprises: PC 54%: SPH 19%: PE 8%: PS 4%: PI 3%: 
cholesterol 10%. These values are median and the following range of compositions have 
been found in natural lamellar bodies: PC 44-60%, SPH 15-23%, PE 6-10%, PS 2-6%, PI 
2-4%, Cholesterol 4-12%. These figures are percentage by weight. 

[0160] LPC may also be incorporated into the multilamellar microbodies at 2% by weight 
which follows the range found in natural lamellar bodies of 0-3%. 

[0161] Phospholipid vesicles in the form of liposomes are, of course, well known. 
However, liposomes are made by those skilled in the art with high cholesterol 
concentrations to improve their rigidity. Liposomes containing cholesterol at 20% or 
below would be considered to be cholesterol poor. Liposomes incorporating a high ratio 
(50%) of cholesterol, where it is equimolar with the phospholipids, have a highly stable 
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structure and so, until this invention, it would not to our knowledge have been obvious to 
try using low-cholesterol multilamellar microbodies. The cholesterol content of lamellar 
bodies derived from pulmonary alveoli has been found to contain around 10% cholesterol 
(Schmitz G, Muller J 1991 J Lipid Research. 32:1539). 

[0162] The presence of sphingomyelin in natural lamellar bodies and in the phospholipid 
multilamellar microbodies claimed in the present invention is important. Sphingomyelin 
is not generally used, to our knowledge, in liposomes and serves to give flexibility and 
softness to lamellar bodies. Conventional liposome technology teaches that rigidity is 
better for the delivery of chemicals; however, we have found that flexible, low- 
cholesterol, sphingomyelin containing phospholipid multilamellar microbodies are ideal 
for delivery of antigen to antigen presenting cells. 

[0163] Phospholipid multilamellar microbodies (synthetic lamellar bodies) are prepared 
by a technique similar to that used to produce hand-shaken multi-lamellar vesicles (New 
RRC, 1990 Liposomes: A Practical Approach Oxford University Press New york PP36- 
39). The phospholipid mixture, together with cholesterol in the percentages given by 
weight are dissolved in a chloroform / methanol solvent mixture (2:1 vol/vol). The lipid 
solution is introduced into a round-bottomed flask and attached to a rotary evaporator. 
The flask is evacuated and rotated at 60 r.p.m. in a thermostatically controlled waterbath 
at a temperature of 30°C until a dry lipid film is deposited. Nitrogen is introduced into 
the flask and the residual solvent is removed before its connection to a lyophilizer where 
it is subjected to a high vacuum at room temperature for one hour. After release of the 
vacuum and following flushing with nitrogen, saline containing solutes (selected antigen) 
for entrapment is added. The lipid is hydrated within the flask, flushed with nitrogen, 
attached to the evaporator, and rotated at 60 r.p.m. at room temperature for thirty 
minutes. The suspension is allowed to stand for two hours at room temperature to 
complete the swelling process. 

[0164] It can therefore be seen that there are many uses for lamellar body solutions in 
surgical procedures. It should also be noted that the embodiments disclosed above are 
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merely exemplary of the invention, which may be embodied in many different forms. 
Therefore, details disclosed herein are not to be interpreted as limiting, but merely as a 
basis for Claims and for teaching one skilled in the art as to the various uses of the 
present invention in any appropriate manner. 

Pharmaceutical Compositions and Methods of Delivery 
[0165] Another aspect of the invention provides for pharmaceutical compositions 
comprising purified lamellar bodies or microbodies which act as surrogate lamellar 
bodies in body cavities, blood vessels, ducts and tissues to modify the deposition and 
removal of extra and intra-vascular fibrin for therapeutic purposes. In addition, the 
invention relates to pharmaceutical compositions containing synthetic or naturally 
occurring lamellar bodies for preventing post-operative adhesions by administration of, 
or treating patients having adhesions or at risk for getting adhesions resulting from a 
surgical procedure. 

[0166] One embodiment features treatment of a wide range of surgical procedures with 
pharmaceutical compositions containing synthetic or naturally occurring lamellar bodies 
or microbodies and acceptable carriers and excipients. Moreover, a further embodiment 
may include a pharmaceutical composition designed for use in local treatment of 
adhesions. Another embodiment may include a pharmaceutical composition designed for 
systemic use alone or with other standard treatment modalities known to those skilled in 
the art. 

[0167] Such compositions comprise a therapeutically effective amount of an agent, and a 
pharmaceutically acceptable carrier. In a particular embodiment, the term 
"pharmaceutically acceptable" means approved by a regulatory agency of the Federal or a 
state government or listed in the U.S. Pharmacopeia or other generally recognized 
pharmacopeia for use in animals, and more particularly in humans. The term "carrier- 
refers to a diluent, adjuvant, excipient, or vehicle with which the therapeutic is 
administered. Such pharmaceutical carriers can be sterile liquids, such as water and oils, 
including those of petroleum, animal, vegetable or synthetic origin, such as peanut oil, 
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soybean oil, mineral oil, sesame oil and the like. Water is a preferred carrier when the 
pharmaceutical composition is administered intravenously. Saline solutions and aqueous 
dextrose and glycerol solutions can also be employed as liquid carriers, particularly for 
injectable solutions. Suitable pharmaceutical excipients include starch, glucose, lactose, 
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol 
monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, 
ethanol and the like. The composition, if desired, can also contain minor amounts of 
wetting or emulsifying agents, or pH buffering agents. These compositions can take the 
form of solutions, suspensions, emulsion, tablets, pills, capsules, powders, 
sustained-release formulations and the like. The composition can be formulated as a 
suppository, with traditional binders and carriers such as triglycerides. Oral formulation 
can include standard carriers such as pharmaceutical grades of mannitol, lactose, starch, 
magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, etc. Examples 
of suitable pharmaceutical carriers are described in "Remington's Pharmaceutical 
Sciences" by E.W. Martin. Such compositions will contain a therapeutically effective 
amount of the compound, preferably in purified form, together with a suitable amount of 
carrier so as to provide the form for proper administration to the subject. The formulation 
should suit the mode of administration. 

[0168] In a preferred embodiment, the composition is formulated in accordance with 
routine procedures as a pharmaceutical composition adapted for intravenous 
administration to human beings. Typically, compositions for intravenous administration 
are solutions in sterile isotonic aqueous buffer. Where necessary, the composition may 
also include a solubilizing agent and a local anesthetic such as lidocaine to ease pain at 
the site of the injection. Generally, the ingredients are supplied either separately or 
mixed together in unit dosage form, for example, as a dry lyophilized powder or water 
free concentrate in a hermetically sealed container such as an ampoule or sachette 
ind.cating the quantity of active agent. Where the composition is to be administered by 
infusion, it can be dispensed with an infusion bottle containing sterile pharmaceutical 
grade water or saline. Where the composition is administered by injection, an ampoule of 
sterile water for injection or saline can be provided so that the ingredients may be mixed 
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prior to administration. 



[0169] The amount of the compound of the invention which will be effective in the 
treatment of the conditions described herein can be determined by standard clinical 
techniques based on the present description. In addition, in vitro assays may optionally 
be employed to help identify optimal dosage ranges. The precise dose to be employed in 
the formulation will also depend on the route of administration, and the seriousness of the 
disease or disorder, and should be decided according to the judgment of the practitioner 
and each subject's circumstances. However, suitable dosage ranges for intravenous 
administration are generally about 20-500 micrograms of active compound per kilogram 
body weight. Suitable dosage ranges for intranasal administration are generally about 
0.01 pg/kg body weight to 1 mg/kg body weight. Effective doses may be extrapolated 
from dose-response curves derived from in vitro or animal model test systems. 

[0170] The invention also provides a pharmaceutical pack or kit comprising one or more 
containers filled with one or more of the ingredients of the pharmaceutical compositions 
of the invention. Optionally associated with such container(s) can be a notice in the form 
prescribed by a governmental agency regulating the manufacture, use or sale of 
pharmaceuticals or biological products, which notice reflects (a) approval by the agency 
of manufacture, use or sale for human administration, (b) directions for use, or both. 

[0171] In a specific embodiment, it may be desirable to administer the pharmaceutical 
compositions of the invention locally to the area in need of treatment; this may be 
achieved, for example, and not by way of limitation, by local infusion during surgery or 
by spraying the solution containing the lamellar bodies onto the exposed tissue following 
surgery, by topical application, by injection, by means of a catheter, or by means of an 
implant, said implant being of a porous, non-porous, or gelatinous material, including 
membranes, such as sialastic membranes, or fibers or co-polymers such as Elvax (see 
Ruan et al , 1992, Proc Natl Acad Sci USA, 89:10872-10876). In one embodiment, 
administration can be by direct injection by aerosol inhaler. 



52 



[0172] In yet another embodiment, the lamellar bodies can be delivered in a controlled 
release system. In one embodiment, a pump may be used (see Langer, supra; Sefton 
(1987) CRC Crit. Ref. Biomed. Eng. 14:201; Buchwald et al. (1980) Surgery 88:507; 
Saudek et al. (1989) N. Engl. J. Med. 321:574). In another embodiment, polymeric 
materials can be used (see Medical Applications of Controlled Release, Langer and Wise 
(eds.), CRC Pres., Boca Raton, Florida (1974); Controlled Drug Bioavailability, Drug 
Product Design and Performance, Smolen and Ball (eds.), Wiley, New York (1984); 
Ranger and Peppas, J. (1983) Macromol. Sci. Rev. Macromol. Chem. 23:61; see also 
Levy et al. (1985) Science 228:190; During et al. (1989) Ann. Neurol. 25:351; Howard et 
al. (1989) J. Neurosurg. 71:105). In yet another embodiment, a controlled release system 
can be placed in proximity of the therapeutic target, thus requiring only a fraction of the 
systemic dose (see, e.g., Goodson, in Medical Applications of Controlled Release (1984) 
supra, vol. 2, pp. 115-138). Other suitable controlled release systems are discussed in the 
review by Langer (1990) Science 249:1527-1533. 

EXAMPLES 

[0173] Example 1. Effect of Surrogate Lamellar Bodies on Fibrin Gelation in In 
vitro Models 

[0174] Synthetic lamellar bodies were made using a mixture of phospholipids - 
phosphatidylcholine, sphingomyelin, phosphatidylserine, phosphatidylethanolamine, 
phosphatidylinositol and cholesterol in 0.9% sodium chloride. The size range of the 
synthetic lamellar bodies and the ultrastructural configuration of the lamellar bilayers 
were shown by transmission electron microscopy to be congruent with naturally 
occurring lamellar bodies. The synthetic lamellar bodies were also tested for sterility. 

[0175] Fibrin clots were formed using human fibrinogen and human thrombin. The 
fibrinogen at 2mg per ml and thrombin at a final concentration of 0.05/ig per ml were 
aloquotted on a 0.5M tris-HCl buffer + 0.1M sodium chloride + 0.0 18M calcium 
chloride. To 200/aL of fibrinogen solution, 25^L of thrombin was added, mixed and 
allowed to clot for 60 minutes. The formed clot was then overlain with 200/xL of buffer 
and incubated for one hour at 37°C. 
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[0176] Fibrin gelation is influenced by the ionic strength of solution. Thus, the dilution 
effect of adding synthetic lamellar bodies made in 0.9% sodium chloride was 
compensated by appropriate adjustments in fibrinogen and thrombin concentrations. The 
effect of changes to the salt balance and clot formation and structure was also 
independently analyzed and characterized. Clots formed with and without synthetic 
lamellar bodies were initially made in specially adapted cryo-vials to facilitate easy clot 
removal. Subsequent clots made for different studies were formed in 2ml syringes, 48 
microtiter plates and semimicro plastic cuvettes. 

[0177] Example 2. The Gross Characteristics of Standard Fibrin Clots and Clots 
Formed in the Presence of Synthetic Lamellar Bodies 

[0178] Fibrin clots formed in the in vitro model were white in colour with a variable 
translucency. Synthetic lamellar body containing clots were also visibly more translucent 
than standard clots. They did not adhere to plastic and glass surfaces in contrast to 
standard clots which were strongly adherent to plastic and glass surfaces. 

[0179] The difference between clots formed under standard conditions and those formed 
by adding increasing concentrations of synthetic lamellar body is directly related to the 
porosity of the clot. In turn, clot density is a function of the degree of separation of the 
fibrin fibers, which is dependent on the concentration of synthetic lamellar bodies present 
at the onset of gelation. 

[0180] The three dimensional structure of the gel reflecting its density can be accurately 
measured and expressed in three modes: 

1. ultrastructure of fibrin network by transmission and scanning electron 
microscopy; 

2. absorbence of transmitted light at 620A; and 

3 . impedance of fluid passage through the gel. 
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[0181] Time course studies of the dynamic process of gelation were investigated using all 
three methods of measurement. These showed that addition of even small amounts of 
synthetic lamellar bodies significantly altered the time course of polymerization of 
fibrinogen to fibrin. 

[0182] Example 3. Ultrastructural Morphology of Standard Fibrin Clots and 
Clots Formed with Synthetic Lamellar Bodies 

[0183] The morphology of clots formed with different concentrations of synthetic 
lamellar bodies, when compared to that of standard clots, provided considerable insight 
into the effect of synthetic lamellar bodies on gelation. Clots examined by transmission 
and scanning electron microscopy were fixed in 2.5% glutaraldehyde, 2% tannic acid 
mixture and post-fixed in 1% osmium tetroxide in order to preserve the synthetic lamellar 
bodies. 

[0184] On scanning electron microscopy, standard clots showed a dense network of 
branching and interlaced solid fibers of fibrin. Additionally, numerous small nodules 
were regularly distributed throughout the fibers. The three dimensional ultrastructural 
appearances, relative thickness and separation of the fibers, together with nodules, were 
closely similar to those encountered in the many peritoneal biopsies of human peritoneum 
exhibiting freshly deposited fibrin. The in vitro clots and the peritoneal biopsies were 
fixed and processed in identical fashion. Thus, the close ultrastructural concordance 
between in vitro fibrin clot formation and in vivo peritoneal extravascular fibrin 
formation gives considerable credence to and hence confidence in the results of 
information derived from the in vitro model. The peritoneal biopsies were obtained by 
the International Peritoneal Biopsy Registry from over a thousand patient samples. 

[0185] Transmission electron microscopy of standard fibrin clots showed moderately 
osmophilic, fine fibrils arranged in bundles separated from each other by regular clear 
spaces. Again, the ultrastructural appearances were closely similar to those seen in vivo 
in peritoneal biopsies from patients before, during and after peritoneal dialysis and from 
patients undergoing routine abdominal surgery. 
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[0186] Scanning electron microscopy of fibrin clots formed with different concentrations 
of synthetic lamellar bodies showed significantly different three dimensional architecture 
from that seen in standard fibrin clots. Fibrin fibers were coarser, irregular and ragged as 
compared with those seen in standard clots. Spaces within the network were greater due 
to wider separation of fibers. 

[0187] Transmission electron micrographs of fibrin clots formed with synthetic lamellar 
bodies displayed a radically different ultrastructural appearance to that encountered in 
standard clots. Whereas in standard clots the geometry was exclusively one of fibrin 
fibers arranged in a rectilinear network, in clots formed with synthetic lamellar bodies, 
the fibers showed additional geometric configurations which were curvilinear or circular, 
reflecting the vesicular nature of the synthetic lamellar bodies. As shown by scanning 
electron microscopy, the network was looser due to widening of spaces between fibers. 

[0188] Example 4. Absorbance of Transmitted Light at 620A 
[0189] The two reactants, fibrinogen and thrombin, are soluble in electrolyte solution to 
give a clear fluid with only minimal absorbence of light. The dynamic process of 
polymerization confers an opacity or turbidity which increases with time up to a limit. 
This process can be accurately recorded in a spectrophotometer by measuring absorbance 
of light at 620A. In standard fibrin clots there is a rapid development of turbidity which 
reaches a maximum within a relatively short period. Synthetic lamellar bodies possess 
low turbidity as do natural lamellar bodies. Addition of synthetic lamellar bodies at the 
same time as the mixing of thrombin and fibrinogen produces a clot which shows a 
significantly different pattern of light absorbance to that seen in the process of standard 
clot formation. The turbidity develops more slowly, and after plateauing at a maximum, 
lower than that seen in the standard fibrin clot, the turbidity falls back to base levels over 
a 24 hour period. The observations on turbidity indicate that synthetic lamellar bodies 
grossly alter the process of clot formation, both chronologically and structurally, 
reflecting alteration in the rate and manner of polymerization of fibrinogen to fibrin. This 
shows that incorporation of synthetic lamellar bodies into a forming clot results in its 
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dissolution after 24 hours to 5 days, dependant on the volume and concentration of 
synthetic lamellar bodies and the volume of the clot. 

[0190] Example 5. Impedance of Fluid Passage Through Standard Fibrin Clots 
and Clots Formed with Synthetic Lamellar Bodies 

[0191] Comparison of the rates of flow of a fluid through gel networks is a measurement 
of relative pore size in the test of material. A simple experiment carried out using a 
standard fibrin clot and a fibrin clot containing synthetic lamellar bodies can be formed in 
a 2ml syringe. A Whatman filter paper was placed over the base of the syringe to cover 
the aperture. At a fixed pressure, the rate of passage of buffer through the syringe can be 
measured. This shows that the passage of fluid through a synthetic lamellar body- 
containing clot is at least 30% faster than in the standard fibrin clot, indicating a 
significantly greater pore size in clots formed in the presence of synthetic lamellar bodies. 

[0192] Example 6. Effect of Addition of a Saline Solution Containing Synthetic 
Lamellar Bodies to Pre-formed Standard Fibrin Clots 

[0193] Using the same concentrations of synthetic lamellar bodies as were incorporated 
in actively forming fibrin clots, experiments were carried out where synthetic lamellar 
body solutions were overlain at different time intervals to pre-formed standard fibrin 
clots. It was found that at room temperature and at 37°C application of synthetic lamellar 
bodies resulted in dissolution of the clot by 24 hours to 5 days, dependant on the volume 
and concentration of synthetic lamellar bodies and the volume of the clot. Fibrin clots in 
an in vitro system using only thrombin possessed relatively weak non-covalent lateral 
bonding between fibers. For a stable fibrin network Factor 13 (fibrin stabilizing factor), a 
transamidase is required to effect lateral bonding through the formation of peptide 
linkages. 

[0194] Example 7. Effect of Addition of a Saline Solution Containing Synthetic 
Lamellar Bodies on a Pre-formed Human Whole Blood Clot 
[0195] Freshly collected venous human blood is collected and allowed to clot in tubes. 
After one hour, when clot retraction has occurred, the serum is decanted and a saline 
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solution containing synthetic lamellar bodies is added. After 24 hours to 5 days, 
dependant on the volume and concentration of synthetic lamellar bodies and the volume 
of the clot, the clot is completely dissolved. Clots aged in buffer at 37°C for 24 hours to 
5 days also show a similar degree of dissolution following after 24 hours to 5 days 
exposure to synthetic lamellar body containing solutions. 

[0196] Example 8. Mode of Action of Synthetic Lamellar Bodies in Fibrin 
Formation and Fragmentation 

[0197] Lamellar bodies represent a unique agent for influencing the polymerization of 
fibrinogen to fibrin during the active process, and also influencing the fragmentation of 
pre-formed fibrin. Their action in this respect is unique, as they are not proteolytic 
enzymes. Synthetic lamellar bodies, as surrogate lamellar bodies, are microbodies 0.3 to 
3.5ft in diameter, in contrast to globular protein molecules which are the predominant 
players in the coagulant and fibrinolytic cascades. 

[0198] Investigations carried out by the inventor indicate that part of the mode of action 
of synthetic lamellar bodies is to sequester factors involved in coagulation by attachment 
to the phospholipid bilayers. Since synthetic lamellar bodies are multi-lamellar and 
highly deformable, they can form and reform when in contact with each other. This 
property of exposing a constantly changing surface layer confers synthetic lamellar 
bodies with a massive capacity to adsorb and entrap factors crucial to the coagulant 
cascade. 

[0199] As mentioned previously, the fibrinogen molecule is an asymmetric rod-shaped 
dimer which, upon activation, polymerizes by end-to-end and side-to-side association, 
forming protofibrils. The protofibrils associate to form fibrin fibers and the latter join 
into bundles of larger widths. The protofibrils are twisted in a helical fashion. The fibrin 
fibers are also twisted. Helical twisting determines the absolute diameter of the fibrin 
fibers, in that accretion of fibers stops when the torque of the outer fibers increases to the 
point that the amount and energy necessary to the stretch the outer protofibrils exceeds 
the energy available for bonding. The innate twisting of fibrin fibers sets a limit on the 
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lateral aggregation and hence radial growth. Fibrin fibers are known to conform to a 
three dimensional rectilinear geometry in the fibrin network. Although both protofibrils 
and fibers are twisted to confer maximum strength, the fibers themselves are not curved 
but rectilinear. When looking at pure fibrin clots, the size and plasticity of the synthetic 
lamellar bodies allow them to percolate through and between the fibrin threads in the 
developing reticulum. The spherical presence within a developing rectilinear fibrin 
network will impose abnormal structural strain on the fibrils whose self-assembly in 
polymerization is dependent on helical twisting. Therefore, fibers forming around 
curvilinear microbodies will be subjected to an additional mechanical strain where 
bending of the fibers will create a higher energy level in the protofibrils on the outer 
aspect of the convexity and overcome the bonding energy between the protofibrils. This 
will result in fibers of significantly reduced size through the imposition of a new lower 
limit on the radial diameter of the fibers. Thus, the presence of synthetic lamellar bodies 
within a developing clot will introduce a mechanical strain restricting the formation of 
self-sustaining, self-propagating fibrin networks. 
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